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A large fraction of distilla¬ 
tion tower reboilers, pos¬ 
sibly most, are heated by 
condensing vapor. Typical 
examples are steam reboilers, re¬ 
frigeration vapor reboilers, and heat- 
integrated reboilers that condense 
overhead vapor from the same or a 
different tower. For these reboilers, 
the control valve can be located 
either in the steam (or vapor) inlet 
line or in the condensate outlet line. 

The two methods are different in principle and 
operation, have different strengths and weak¬ 
nesses, and require different measures to 
achieve trouble-free operation. 

The selected method, as well as the fea¬ 
tures added to overcome its weaknesses, is 
central for good reboiler operation, perfor¬ 
mance and tower stability. The literature has 
some excellent reviews [J, 2] on this subject, 
but these reviews have last been updated 
three decades ago. Recent excellent sources 
[3] have only partially addressed some of the 
key considerations. This article aims to fill in 
the gaps, combining the old knowledge with 
the recent experiences into a detailed up¬ 
dated guide to the key considerations, fea¬ 
tures and practices that can improve reboiler 
control and operation. 

Variables that regulate boilup 

Reboiler control should provide effective re¬ 
sponse to column disturbances, isolate the 
column from heating-medium disturbances 
and adequately dispose of the condensate. 
The best variable for manipulating column 
boilup is selected when the column’s overall 
control philosophy is devised [ 1 - 4 ], In most 
cases, boilup is regulated either to maintain 
a constant rate, or to achieve a desired prod¬ 


uct purity, normally in the bottom section, 

When boilup is kept constant, the reboiler 
control valve is usually manipulated by a heat¬ 
ing-medium flow controller or by a Btu con¬ 
troller. When boilup is regulated to achieve 
a desired product purity, the reboiler control 
valve is directly or indirectly manipulated by a 
tray-temperature controller, or by a product 
analyzer, or by the tower base level. Indirect 
manipulation uses a cascade controller that 
resets the setpoint of the heating-medium 
flow controller. The flow controller, in turn, reg¬ 
ulates the reboiler control valve. Temperature, 
analyzer or level regulation of column boilup in 
cascade mode generally gives far smoother 
and superior response compared to direct 
manipulation. Nevertheless, direct manipula¬ 
tion is often satisfactory. 

Oscillations and sluggishness are far more 
troublesome and interactive when boilup con¬ 
trols product purity, rather than when boilup is 
kept constant. This is because the tempera¬ 
ture or composition controller feeds back fluc¬ 
tuations in boilup as delayed signals, calling 
for additional manipulative actions. The feed¬ 
back interaction is most troublesome when a 
non-optimal temperature-control tray is used. 
Procedures for identifying the best tempera¬ 
ture-control tray(s) are discussed elsewhere 
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FIGURE 1. Tliere are twe basic reboiler-contrel schemes: a control valve can be positioned in the vapor-mlet 
line (left) or in the condensate outlet tine (right) 


[1, 3, 5], The author experienced a 
case where this feedback rendered a 
sluggish boilup control system inop¬ 
erable during even mild upsets, 

The discussion in this article gen¬ 
erally applies regardless of the vari¬ 
able that regulates boilup and the 
directness of control, but the need 
to avoid oscillating or sluggish boilup 
manipulation is emphasized when 
boilup is manipulated to achieve a 
desired product purity. 

Heat transfer mechanisms 

Reboiler heat transfer is governed by 
Equation (1). 

Q = UAAT (1) 
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Where Q is the heat transfer rate, 
Btu/h; U is the heat transfer coeffi¬ 
cient, Btu/(h ft2 “F). A is the reboller 
tubes’ heat transfer area, and 
AT is the temperature difference be¬ 
tween the condensing heating me¬ 
dium and the process. 

When the control valve is in the 
reboiler inlet line (Figure la), heat 
transfer rate is regulated by vary¬ 
ing the reboiler condensing pressure 
and therefore, the reboiler condens¬ 
ing temperature, and in turn, the AT. 
When additional boilup is needed, the 
valve opens and raises the reboiler 
pressure, which increases the reboiler 
AT, which in turn increases the boi¬ 
lup rate. The steam trap removes all 
condensate, so that the reboiler tube 


Ta 

lower 



it) 


FIGURE 2. These diagrants show tbe ooridensate-ouifei conifol scheme with a oondenisate pot. In 2a. ii is achieved 
via OQ-nden^te pot level, and in with coriKlensate-pot level override 
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FIGURE The diagrams show a steom-iolet control scheme with condensate pet. In 3o, the scheme includes o pump; in 2b, it has a pump end condensate recycle 
to desupertieat steam; and in 3c, the level is mamtained in the rebciler 


area. A, is fully utilized for condensa¬ 
tion. In the absence of constraints, 
there is only minor subcooling, if any, 
of the condensate. 

Instead of controlling flow to the 
reboiler, some systems control the 
reboiler pressure. Controlling reboiler 
pressure is not recommended be¬ 
cause the relationship between the 
pressure and the condensing tem¬ 
perature (and therefore the boilup- 
pressure relationship) is highly non¬ 
linear. Further, the boilup-pressure 
relationship changes as the reboiler 
fouls and when the heat-transfer co¬ 
efficient varies. 

When condensate flowrate is ma¬ 
nipulated (Rgure 1 b), the condensate 
outlet valve maintains a liquid level in 
the condensing side of the reboiler. 
The only reboiler tube area available 
for condensation is that above the 
liquid level. The tube area submerged 
under the liquid level performs no con¬ 
densation, although it subcools the 
condensate. Vapor condenses at es¬ 
sentially the supply header pressure, 
keeping the AT constant. When addi¬ 
tional heat is needed, the control valve 
opens, lowering the condensate level 
in the reboiler, which exposes more 
reboiler tube area for condensation. 
In turn, this increases the heat trans¬ 
fer rate. Here, A is varied in Equation 
(1). Due to the submergence of tubes 
under the liquid level, the condensate 
comes out subcooled. 

Dynamic response 

The dynamic response of the vapor- 
inlet control scheme is far superior to 


that of the condensate-outlet scheme. 
Manipulating the inlet valve changes 
the reboiler pressure, AT and heat 
transfer rate almost instantaneously. In 
contrast, the condensate-outlet valve 
has no direct effect on vapor flow. 
Condensate flow determines submer¬ 
gence level, and this level changes 
slowly. Reboiler vapor rate and heat 
transfer tread on the heels of the level 
change. Dynamically, this slow re¬ 
sponse renders manipulation of vapor 
flow a superior means of control, 

The response time of the con¬ 
densate-outlet control scheme de¬ 
pends on the condensate level in 
the reboiler. To achieve, say a 10% 
increase in condensation area, much 
more liquid needs draining when the 
level is near the reboiler bottom than 
when the level is near the top. The re¬ 
sponse to a condensate flow change 
therefore accelerates as the conden¬ 
sate level rises. Where the response 
is overly fast, it may be unstable [2]; 
and where the response is relatively 
slow, it may be sluggish. This issue 
is even more accentuated in horizon¬ 
tal reboilers, where the heat-transfer 
area change with condensate liquid 
level is highly non-linear. 

With the vapor-inlet valve scheme, 
the measurement and the valve are 
both on the same stream, and the 
valve opening directly and quickly 
affects the vapor flowrate. In the 
condensate-outlet scheme, the mea¬ 
surement is on the vapor line, but the 
valve is on the condensate. Changing 
the condensate valve opening does 
not immediately affect the vapor flow. 


The relationship between the two is 
complex and non-linear [3], In some 
cases, the condensate level takes 
longer to rebuild than to drain. This 
can actually be advantageous when 
over-reboiling is less troublesome 
than under-reboiling, Some useful 
guidelines for tuning the controllers 
were provided by Smith [3]. 

One study [6] found that with slow 
columns, whose time constant is 
more than four times the reboiler time 
constant, the dynamics inferiority of 
the condensate valve scheme be¬ 
comes less pronounced, and both 
schemes behave dynamically the 
same. This coincides with the author’s 
experience (for example. Ref. 7, Case 
26.1) of the condensate-outlet valve 
scheme working well when correctly 
configured in large trayed towers. 

In some thermosiphon reboilers, 
especially under vacuum, heat- 
transfer coefficient and therefore, 
the heat duty, are sensitive to the 
net liquid driving head [1, 9]. In the 
condensate-outlet scheme, conden¬ 
sate-side level fluctuations vary the 
net driving head and can likewise 
destabilize reboiler operation. 

The vapor inlet scheme is more 
effective than the condensate outlet 
scheme in terms of filtering out dis- 
tuileances in the steam supply and 
preventing them from upsetting the 
tower [6, 10]. 

Condensate removal and 
reboiler seal loss 
If the condensate valve cannot drain 
all the condensate that the reboiler 
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generates, a maxirrium vapor flow- 
rate may be reached with conden¬ 
sate still covering a portion of the 
tubes. The remedy depends on the 
cause of the problem. If there is a 
sufficient pressure difference be¬ 
tween the reboiler and the conden¬ 
sate header, it may be sufficient to 
re-size the valve and the condensate 
line, or both. If the pressure differ¬ 
ence is small, a condensate pot with 
a pump (Figure 2a) may be needed. 

The converse phenomenon can 
be even more troublesome. When 
the reboiler cannot condense vapor 
as fast as the condensate valve re¬ 
moves liquid, the liquid seal in the re- 
boiler may be lost, resulting in vapor 
passing into the condensate system. 
Without the seal, vapor tends to 
channel through the reboiler, caus¬ 
ing a dramatic loss of heat transfer, 
and in the case of steam, also ham¬ 
mering in the condensate system. 
One seal-loss incident in a neboiler 
condensing refrigerant vapor, using 
the control system in Figure 1 b, has 
been described in detail [7, 8]. Many 
other seal-loss incidents have been 
experienced by the author and oth¬ 
ers [11, 72]. Losing the seal is more 


likely to occur when the reboiler is 
fouled or pushed to the limit and the 
liquid level is low. To regain the seal, 
the condensate valve needs to be 
heavily throttled [7, 8. 11]. 

There are several ways of prevent¬ 
ing this seal loss. The scheme in Fig¬ 
ure 2a, but without the pump, is one 
option. Alternatively, the setup in Fig¬ 
ure 2b can be used. Here, the flow 
controller normally regulates the con¬ 
densate valve, with the level override 
cutting in whenever the level falls too 
low. The level override should not be 
set at a vertical height much greater 
than the bottom of the reboiler. Oth¬ 
erwise, some of the tubes will always 
be submerged and the effective re¬ 
boiler capacity will be reduced, Often, 
especially in vertical reboilers, the liq¬ 
uid level in the condensing side of the 
reboiler can be monitored and used 
for level override control, so the drum 
can be omitted, 

Finally, there are two "poor per¬ 
son’s” solutions. One is to monitor the 
condensate temperature leaving the 
reboiler, With the Figure 1 b scheme, 
the condensate is usually subcooled. 
A decline in subcool indicates an 
imminent loss of seal, and can be 
alarmed or used as an override 
control. One thing to watch out 
for is that the loss of subcool can 
proceed rapidly, with the seal 
lost before the corrective action 
is taken. Another solution is add¬ 
ing a steam trap between the 
reboiler and the control valve. 
For as tong as it passes conden¬ 
sate, the trap will have no effect. 
Once the seal is lost, the trap wilt 
prevent the steam from blow¬ 
ing into the condensate header. 
The downside of this approach is 
that when the trap blocks steam, 
further opening of the valve has 
no effect on anything [3], and the 
controller will tend to open the 
valve widely. 


when the reboil is supplied by refrig¬ 
erant vapor. Refrigeration-compres¬ 
sor interstage pressures often "ride" 
on the reboiler condensing pressure, 
set to provide the desired reboiler 
heat duty. For instance, if satisfactory 
condensation can be provided by 
condensing propylene refrigerant at 
20^, with a scheme like that of Fig¬ 
ure 1 b, it needs to be compressed to 
70 psia (saturation pressure at 20''F) 
and then run into the reboiler. With 
the vapor inlet valve, it needs to be 
compressed to a higher pressure - 
at least 75 psia and most likely 80 
psia - to overcome the pressure 
drop of the valve. This means higher 
compressor power consumption 
and a larger compressor, a major 
increase in both energy and capital 
costs, which does not pay out. So 
almost all refrigerated reboilers use 
a condensate-outlet valve scheme. 
The exception is when the com¬ 
pressor interstage pressures are set 
by alternative criteria, and there is 
enough pressure to overcome the 
reboiler-inlet-control- valve pressure 
drop without increasing compressor 
energy consumption or size. 

Similar considerations apply when 
reboil is supplied by condensing 
overhead from the same or a differ¬ 
ent tower. If from the same tower, the 
overhead needs to be compressed (a 
heat-pumped tower), in which case, 
the reboiler inlet control valve will in¬ 
crease the compressor power con¬ 
sumption and size. If from a different 
tower, the pressure drop across the 
inlet control valve will either reduce 
the reboiler AT or force higher pres¬ 
sure operation in the tower whose 
overhead is condensed, in turn in¬ 
creasing its reflux and reboil require¬ 
ments. So almost all schemes that 
heat one tower with the overheads 
of the same or another tower use the 
condensate outlet valve scheme. 

With steam-heated reboilers, the 
steam supply pressures are normally 
set to suit the boilers or turbines 
rather than the reboilers, and the 
pressure differences between adja¬ 
cent supply pressures are generally 
high. Sufficient pressure difference is 
usually available between the steam 
supply pressure and the steam pres¬ 
sure required at a given reboiler, and 
the difference can be utilized for regu- 
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FIGURE 4. The images show thermal scans of steam traps. In 
43^ the trap is passing steam, so a small difference between 
inlet and ouHet temperatures is observed. In 4b, the properl/ 
functioning steam trap shows Its condensate is significantly 
cooler than the steam (irom Rel 31, reprinted with perm is* 
sbn^ courtesy of AlChEj 


Energy efficiency and 
capital 

The condensate-outlet valve 
scheme permits the reboiler 
heating at a higher pressure be¬ 
cause it eliminates the pressure 
drop in the inlet control valve. 
This is a major advantage 
and an overriding consideration 
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FIGURE 5. This diagram shows th^ staam-iolat control sdioirio with a pumping trap and lloat vaivs 
(Raprintod with peririission from Rol 16) 


lating the inlet valve. Energy is saved 
by the condensate-outlet scheme 
only when eliminating the inlet-valve 
pressure drop allows stepping down 
the steam supply pressure. Since this 
is infrequently the case, the vapor 
inlet scheme remains competitive in 
steam-heated reboilers. One uncom¬ 
mon situation where the condensate 
valve scheme wins is with tower-bot¬ 
tom temperatures so high that AT" is 
limited, even at the highest available 
steam pressure. 

The capital costs of the inlet valve 
scheme tend to be higher [6,)3] be¬ 
cause the smaller iT generally in¬ 
creases exchanger area to a greater 
extent than flooding some of the tube 
surface, The area difference c^apears 
to be particularly high when turndown 
ratios are high or when heating-me¬ 
dium pressures are near critical [6). 
In addition, the condensate-outlet 
scheme uses a smaller control valve. 

Fouling, corrosion, tiiermal stiness 

In steam-heated reboilers, the inlet 
valve scheme (Figure la) condenses 
steam at lower pressures and tem¬ 
peratures than the outlet valve 
scheme {Figure 1 b). This reduces the 
reboiler tube-wall temperatures and 
suppresses reboiler fouling (process 
side) and bottom product degrada¬ 
tion. This is a major advantage in 
systems handling materials that can 
thermally degrade or polymerize. 

For thermally degradable and foul¬ 
ing systems, the reboiler-wall tem¬ 
perature can be further minimized 
by adding a condensate pump {Fig¬ 
ure 3a). The pump permits the re¬ 
boiler pressure to approach, or even 
fall below, the condensate header 
pressure. This minimizes the steam 
condensation temperature, and in 
turn, the tube-wall temperature. 

Both the reboiler and pump may 
need to be designed for vacuum. 
In one such system [7], vacuum 
was actually observed. To avoid 
vacuum, the condensate drum can 
be vented to an atmospheric or a 
positive pressure header instead of 
to the reboiler. As the condensate 
is near its boiling point, enough net 
positive suction head |NPSH) needs 
to be provided, which may require 
elevating the reboiler, or even the 
tower skirt. A common NPSH for a 


centrifugal condensate pump [14] 
is 8 ft, but this can be reduced to 
2 ft with more expensive special de¬ 
signs. One expert [74] recommends 
batch pumps powered by gas or 
steam pressure instead. 

Reboiler fouling can be further re¬ 
duced by recycling some of the con¬ 
densate to desuperheat the steam 
{Figure 3b). The condensate recycle 
line must be adequately engineered, 
or else it can be more trouble than it 
is worth. Good engineering requires 
a temperature control and well-de¬ 
signed injection nozzles when con¬ 
necting into the steam line to the 
reboiler, as shown in Figure 3b. as 
well as a well-designed impinge¬ 
ment plate at the reboiler entrance, 
because condensate drops can be 
highly erosive to the reboiler tubes 
near the inlet. The author is familiar 
with reboilers in polymerizing ser¬ 
vices where adding the pump of 
Figure 3b with well-designed con¬ 
densate recycle lines doubled the 
run lengths between cleanings [7]. 
However, the author also encoun¬ 
tered cases in which a "shortcut" 
version of this system, either with 
no temperature control or with no 
impingement plate, generated prob¬ 
lems that forced discontinuation of 
the recycle. 

Corrosion due to the conden¬ 
sate level maintained in the reboiler 
often occurs with the condensate 
valve outlet scheme (Figure 1b). Al¬ 
though condensate is pure water, it 
becomes very acidic when CO 2 and 
other gases in the steam dissolve in it. 
Steam supplied to a reboiler contains 
various amounts of CO^, originating 


from decomposition of residual car¬ 
bonates in the boiler feedwater. In a 
vertical reboiler, the CO 2 accumulates 
near the top of the shell from where it 
can be vented. However, in horizontal 
reboilers, the CO 2 will accumulate un¬ 
derneath the partition baffle [77, 12], 
and is absorbed by the condensate 
near the steam-con den sate interface 
(74). This will form corrosive carbonic 
acid. In several reported cases [7 7, 
74], a rust layer on the steam side 
of the reboiler showed the level at 
which steam condensate usually ran. 
A small, continuous bleed from under 
the partition baffle or corrosion inhibi¬ 
tors can minimize this corrosion. 

In horizontal thermosiphons reboil¬ 
ers using the condensate outlet valve 
control (Figure 1b), subcooled con¬ 
densate is a short vertical distance 
away from condensing steam. When 
the difference between the conden¬ 
sation and tower-bottom tempera¬ 
tures is large, the subcool can be 
large (even more than 100°F), The 
wall submerged in the subcooled 
liquid can be much colder than the 
wall where the steam condenses. 
This generates tremendous thermal 
stresses at the channel head. These 
stresses are further aggravated when 
the liquid level ascends or descends 
- cold sections quickly heat up as 
the condensate level is reduced or 
hot sections quickly cool down as 
the level increases. These thermal 
stresses often cause leakage at the 
channel head to the tubesheet gas¬ 
ket [74,77,78], The author and oth¬ 
ers [72,77] are familiar with a num¬ 
ber of cases where this mechanism 
caused severe channel-head leahs. 


26 


chemical engineering VVWW.CHEMENG0NUNE.COM JULY 2020 



























To Cascade Irom nay 

tower tempeyatLire 



FI GURE 6. The ste^iTi'inlet control scheme Is shown with a 
pressure regulator 


steam 

traps 

The steam 
trap with the 
inlet-valve 
scheme 
(Figure la) 
needs to be 
of adequate 
capacity to 
handle the 
condensate 
flow both 
under max¬ 
imum-flow 
conditions 
(relatively 
high pres¬ 
sure drop) 
and mini¬ 
mum-pres¬ 
sure condi¬ 


tions (smallest pressure drop) 14, 19], 

Steam traps are some of the least reliable items in pro¬ 
cess plants. They are prone to plug or stick wide open. A 
stuck-open steam trap does not only waste steam, but 
it can also blow the condensate seal, causing a drop in 
heat transfer, as described earlier. The use of a steam 
trap is a disadvantage for the inlet-valve scheme. Figure 
4 shows two steam traps, one adequately operating, the 
other passing steam. A condition-monitoring program 
for the steam trap population at one process plant [20] 
showed only 48% to be operating well, while 5% of the 
traps were blowing steam, 13% were leaking, 7% were 
blocked, 12% were at low temperature, and 15% were 
at unknown conditions. Regular condition-monitoring 
programs have been effective for improving steam trap 
reliability [20, 21], Ref. 19 provides a detailed description 
of reliability issues with steam traps. 

Steam locking occurs when steam collects in the line 
between the reboiler condensate outlet and the trap, filling 
the trap and preventing it from opening [79], Steam lock¬ 
ing can be problematic when the line from the reboiler to 
the trap is long, or contains many bends, or rises vertically. 
This is an uncommon mode of trap failure in reboilers. 

The vapor inlet schemes in Rgure 3a (without the pump) 
or 3c avoids the trap problems. The scheme in Figure 3c 
is more costly, but also offers flexibility to deal with the 
problem described in the next section. A cost-saving vari¬ 
ation of the Figure 3c scheme, suitable for in-shell con¬ 
densation, omits the drum and mounts the level control 
directly on the reboiler. 


Startup and low-rate operation issues with the 
vapor-inlet valve 

The vapor inlet scheme is notoriously troublesome when 
the reboiler is over-surfaced (for example, over-designed, 
or during initial operation after turnaround). At startup and 
low rates, O is low; and at startup, the tubes are clean, 
so U is high, With this scheme, the full exchanger area A 


is used. To satisfy Equation (1), AT needs to be reduced, 
so the inlet control valve closes and lowers the condens¬ 
ing pressure. If the condensing pressure falls below the 
condensate header pressure, it will be impossible to re¬ 
move the condensate, a condition referred to as “stair' 
[73, 16,17,19,22.]. Some condensate will be sucked back 
from the condensate header and will flood some of the 
tube surface, reducing the condensation area A, and rais¬ 
ing the condensation pressure, This will continue until the 
reboiler pressure exceeds the condensate header pres¬ 
sure, and forward flow of condensate from the reboiler to 
the header is resumed. A new equilibrium is established, 
with liquid level in the reboiler condensing side. 

The point at which condensate will start backing up 
can be calculated using a procedure similar to that in 
Refs. 13,15 and 16. A good field method to evaluate the 
stall point is by conducting a pressure survey. If stalled, 
the pressure in the reboiler will be much the same as 
the pressure in the condensate header at the discharge 
point. Make sure to account for the static head as the 
condensate rises to the header. 

With reboiler tubes partially flooded, variations in steam 
flow to the reboiler will affect both the reboiler AT and 
the fraction of tube surface covered by condensate. The 
AT will change instantaneously, but the area will change 
after a time lag, These two changes often interact, giv¬ 
ing rise to heat-input swings and erratic (or at best, slug- 
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FiaURE7p These diagrams show the steam-intet control scheme with a 
horizontal reboiler and a concfensate pot. In 7a, an equalizing line horn 
steam inlet is shown. 7b has an equalizing line Irom below the partition 
baffle 

gish] response. The steanri trap will 
offer little to assist with the control of 
the condensate level. Further, if the 
reboiler load changes are sudden, 
the above-mentioned equilibrium will 
be difficult to establish or sustain. In¬ 
stead. cycling may develop, with the 
control valve hunting as exchanger 
surface is covered and uncovered 
[2,3,7,12,16,18]. Other incidents of 
such cycling have been reported 
[7,11, 72]. This cycling causes swings 
in the reboiler duty and column vapor 
rate, as well as backflow from the 
condensate header, banging and 
thumping noises, hammering and 
tube failure. The trapped condensate 
in horizontal reboilers can be cor¬ 
rosive, as described earlier. As the 
condensate level inside the reboiler 
swings, the temperatures of several 
tubes swing between that of the hot 
steam and that of the cold conden¬ 
sate [17], resulting in large thermal 
stresses and mechanical damage 
[2,74,7 7] to the tubes. 

To overcome these problems, the 
steam trap in Figure la is often re¬ 


placed by a condensate 
pot and a pump (Figure 
3a). or by a level con¬ 
densate pot (Figure 3c), 
as described earlier. By 
varying the level con¬ 
trol setpoint, in Figure 
3c. the exposed tube 
surface in the reboiler 
can be adjusted so 
that the reboiler oper¬ 
ates at a pressure high 
enough to ensure con¬ 
densate removal at all 
times without a pump. 
The bottom of this 
drum should be located 
below the bottom of the 
condensing side of the 
reboiler (23). Otherwise, 
'‘dry” reboiler operation 
at high rates will not be 
possible, and reboiler 
capacity will be reduced. 

It is important to prop¬ 
erly design and operate 
the condensate pot. In 
one case history [75], a 
column horizontal pre¬ 
heater equipped with 
a steam-inlet control 
scheme and with a con¬ 
densate pot (no pump) 
experienced condensate removal 
problems upon turndown. In this case 
history, it was not stated whether the 
Figure 3a or 3c arrangement was 
used. Arrangement 3a needs the 
pump for avoiding this type of prob¬ 
lem, Arrangement 3c needs a suffi¬ 
ciently tall condensate pot, with liquid 
levels that can rise above at least a 
large portion of the tube area, and ad¬ 
equate operation of the level control¬ 
ler at turndown. The author suspects 
that in this case, one of these needs 
was not fulfilled. In another case [24], 
the condensate pot was integral with 
the reboiler, no pump. At 50% of the 
design rates, the level in the pot rose 
above 100% with the level valve wide 
open, and there was a problem with 
removing the condensate. At the de¬ 
sign rates, both the reboiler and con¬ 
densate pot operated as intended. 

Several successful applications of 
the condensate pot techniques above 
have been reported [2,7,25], In one of 
these, the condensate pot was omit¬ 
ted and the level control was directly 


on the reboiler In another [7], a con¬ 
densate drum low-pressure override 
cascading onto the condensate-drum 
level control, prevented the drum 
pressure from falling below the con¬ 
densate header pressure. Sometimes, 
self-priming condensate pumps with¬ 
out condensate pots [25] or pumping 
traps [76] are installed in the Figure 
3a scheme. Three success stories 
with these solutions have been re¬ 
ported [7], Another alternative to both 
of these schemes is to convert to the 
condensate outlet scheme (Figure ib). 
This too has been successfully imple¬ 
mented (7], but has its own issues, as 
described in this article. 

Figure 5 shows a typical pumping 
trap system utilizing the steam sup¬ 
ply to the reboiler [75]. During normal 
operation, the pressure balancing line 
is open, and the steam trap removes 
the condensate. Should stalling occur, 
the condensate level and float will rise. 
When the float reaches its maximum 
travel, it will trip the pressure balance 
line shut and the line to the steam 
supply open. The supply-pressure 
steam will push the condensate into 
the header. The level and float in the 
condensate pot will decrease. Upon 
reaching minimum travel, the float 
will trip the line to the steam supply 
shut and re-open the pressure bal¬ 
ancing line. A check valve between 
the reboiler and the drum prevents 
condensate backflow when the pot is 
pressurized, and a check valve down¬ 
stream of the trap prevents massive 
backflow of condensate during the 
low-pressure part of the cycle. The 
success of the pumping trap method 
depends on the reliability of the two 
check valves, A reservoir is often pro¬ 
vided between the reboiler and drum 
to prevent reboiler flooding when the 
pot is pressurized. 

A shortcut solution successfully 
implemented during startups and 
short (or even longer) periods of low- 
rate operation, is to open the steam 
trap manual bypass, and drain the 
condensate to deck or to the sewer 
[7, 72, 22,]. Despite its success in 
solving the problem, this solution 
should generally be avoided. Be¬ 
sides wasting steam and water, the 
hot condensate vaporizes hydrocar¬ 
bons or other volatile materials in the 
sewer system, potentially causing 


28 


chemical engineering WWW.CHEMENG0NUNE.COM JULY 2020 










































RGURE 0H These diagrams show a condensate pot with a charnel baffle directirg 
the suhcooled condensate away from the pot llqiikl surface. In Ra, it is at etet/alion; 
db shows the view Ircm the top of the ohannet baffle; and 8o depicts ffiie view froiti 
the inlet nozzle 

an environmental issue and even a safely issue. Some 
plants completely disallow this practice. In other plants, 
the sewer system may be free of volatiles, in which case, 
there is neither an environmental nor a safety issue, and 
this practice is accepted, 

Another shortcut solution in a tower that has a spare 
reboiler [7] is to start the tower up using a fouled reboiler. 
Once the tower reaches full rates, the clean reboiler is 
put into operation and the fouled one cleaned. Along 
similar lines, injecting nitrogen into the reboiler to lower 
the heat'transfer coefficient has been successful, but in 
at least one case, some nitrogen and a small amount of 
oxygen ended up in the condensate and caused major 
problems in the deaerator. 

The vapor inlet scheme may also be troublesome when 
there is a small pressure difference between the reboiler 
heating medium and the condensate header (for exam¬ 
ple, with steam reboilers using 15- to 35-psig steam). 
The problem is identical to that described above, but it 
is caused by insufficient AP rather than by oversizing, low 
rates or clean surface. In this case, the above solutions 
(except the Figure 3c scheme) will also apply, In two dif¬ 
ferent kettle reboilers [7 7,22], adding a condensate pump 
drawing directly from the kettle draw compartment solved 
such a problem. One expert [78] prefers using the Figure 
2b scheme when the AP is small. 

Critical flow issues 

Tuning with the vapor-inlet valve scheme can be trouble¬ 
some when flow across the valve changes from noncriti- 
cal to critical upon reboiler turndown [4, 26], As boilup 
rate falls, so does the pressure downstream of the valve. 
When the ratio of upstream to downstream pressure ex¬ 
ceeds a critical value, critical flow is established through 
the valve, where the downstream pressure no longer af¬ 
fects the vapor flowrate. The controller dynamics are dif¬ 
ferent under critical and noncritical flow, A loop tuned for 
noncritical flow tends to be unstable when flow becomes 
critical, while a loop tuned for critical flow tends to be 


sluggish when flow becomes noncritical [261. 

It is best to design the system to operate over its nor¬ 
mal range in one flow regime or another. A level conden¬ 
sate seal pot (Figure 3c) can keep up the downstream 
pressure during turned-down conditions, thereby avoid¬ 
ing this problem. Alternatively, installing a pressure regu¬ 
lator upstream of the flow controller (Figure 6) will lower 
the pressure upstream of the inlet valve. Both techniques 
also minimize valve erosion at high pressure drops, The 
author is familiar with several pressure-regulator systems 
that have worked very well, 

Tube leaks 

In many cases, small tube leaks from the heating side 
(typically steam) to the process side can be tolerated, 
but even a small leak from the process side to the heat¬ 
ing side cannot. In others, the converse applies, When 
choosing the preferred reboiler control scheme, the pos¬ 
sibility of a tube leak must be considered, 

With the valve in the condensate outlet, the pressures 
on the heating and process side are fixed and known, so 
the leak direction is usually known. However, the quantity 
leaking will depend on the degree to which the hole is 
submerged- If the leak is from the heating side above the 
liquid level, it will be mostly vapor, and the quantity leaking 
will be small, due to its low density, On the other hand, 
if the leak is below the liquid level, it will be liquid, and 


Custom Engineered Solutions 

Turnkey compressor, tjSomr, and vacuum systems 



• Eliminate construction/renovation costs 

• Reduce installation and commissioning time 

• Weatherproof 

• Eliminate Class 1, Div 1 constraints 

• Remote rnonitoring 


KA 


COMP 

•RESSORS 


Kaeser Compressors, Inc. « 515-GS88 • us.kaeser.Gam/cesDlutions 

©2020 Kaeser Inc. cLfSlomer.us@4taes«r.coifn 

For details visit adlinks.chemengonllne»conV76992«14 



2Q 


CHEM 1CAL ENGINEERI N G WWW.CHEM ENGON LIN E. COM JULY 2 020 



























TABLE 1 . STRENGniS AND WEAKNESSES OF THE VAPOR-INLET AND GONDENSATE-OIJILET 

CONTROL VALVE SCHEMES 

Kein 

Vapor-inlet valve 
Scheme 1a, Figure 1a 

Condensate-outlet 
valve Scheme 1b 

Comment 

Variable Changed 

AT 

A 


Condensate at entlat 

Boiling point 

Suhcooled 


Dynamic response 

Superiorjast 

Slow 

Difference small when 
tower time constant is 
large 

Loss of condensate seal 

Seldom an issue 

Problematic unless 
using condensate put 

Notam^or issue 

Energy efficiency 

Only good when car 
use same beat medium 
as 1b 

Superior, critlGal with 
refrigerant and heat 
integrated systems and 
some steam systems 

Major advantage for 1b 
in refevaot applications 

Capital cost 

Higher 

Lower 

Note major issue 

Fooling, degfajdafion on 
process side 

Superior, especially with 
cendensate potasin 
Figures 3a, h, 

inferior 


Corrosion, Viermal 
stresses 

Usually not troublesome 

Problematic with 
horizontal reboilers 


Steam trap 

Problematic 

Seldom an issue 

Can be easily solved 
with condensate pot 

Startup and low-rate 
operation 

Can be very 
troublesome 

Seldom troublescme 

Can be easily solved 
with condensate pot 

Critical flow across 
valve 

Can be an issue at 
turndown 

Seldom an issue 

Can be readily solved 

Tube leaks 

Direefion often 
unpredictable 

Direction predictable, 
quantity not 

Major advantage for lb 
in relevaot applications 

Condensate 

compatibility 

Boiling point condensate 

Subcooled condensate 



its quantity can be several orders of 
magnitude larger (liquids have higher 
density), This can make all the differ¬ 
ence between a minor, almost un- 
noticeable, leak and one that leaks 
many gallons of liquid. 

With the valve in the vapor or steam 
to the reboiler, it is often difficult to tel! 
which way the leak will go. At high 
rates, the heating-side pressure may 
exceed that on the process side, while 
at turndown, or whai a reboiler is ex- 
cesavely surfaced, the pressure on 
the heating side may fall below the 
process pressure. When the tower 
trays are replaced by packings (lower 
pressure drop), the process-side pres¬ 
sure may fall betow the heating-side 
pressure. The author is familiar with a 
tower where leaks normally proceeded 
from the steam side to the process 
side (these could be tolerated). How¬ 
ever, when a new, larger reboiler was 
installed, the next leak reversed itself, 
the process chemical entered the 
steam system and was hydrolyzed 
into acidic components that corroded 
the steam/condensate system, 


Flashing and hammering 

The inlet valve scheme (Figure la) re¬ 
leases boiling point condensate into 
the condensate header. This conden¬ 
sate can be at higher pressure than 
that of the header, which will generate 
flash steam. The condensate drain 
line downstream of the trap or con¬ 
trol valve must take this flashing into 
account 112,74,77}. A line undersized 
for flashing can lead to premature stall 
in the reboiler. One case \12\ was re¬ 
ported of condensate backup in the 
reboiler due to flashing in the conden¬ 
sate line that was unaccounted for. 
That reboiler could only be operated 
when the condensate was diverted 
to the sewer (this is not a good prac¬ 
tice, as mentioned above). The flash¬ 
ing checks should take into account 
any rise in elevation — the conden¬ 
sate may be water when it exits the 
trap, but may flash upon pressure re¬ 
duction as it rises up a vertical line. 
Several such cases were reported 
[72]. Lieberman [72] mentions two 
solutions that effectively solve the 
problem of stalling due to flashing at 


elevation: enlarging the line size (best 
solution), or injecting cold water at the 
base of the riser (this may cause a 
water-quality problem). 

Hammering occurs \Arhen flash 
steam due to line flashing, blowing the 
condensate seal, or a steam trap stuck 
open, contacts subcooled conden¬ 
sate tiom the header or from another 
source discharging into the header. 

The inlet-valve scheme is compat¬ 
ible with a condensate system that 
contains boiling point condensate. If 
sent into a condensate system con¬ 
taining significantly subcooled con¬ 
densate, the flash steam from the 
reboiler condensate may hammer 
as it collapses onto the subcooled 
header condensate, 

Conversely, the condensate out¬ 
let valve scheme (Figures 1 b and 2) 
releases subcooled condensate into 
the condensate header. It is compat¬ 
ible with a condensate system that 
contains subcooled condensate. 
If sent into a condensate system 
containing boiling point condensate 
and flash steam, the flash steam 
may hammer as it collapses onto 
the subcooled reboiler condensate. 
Commonly, a header that picks up 
condensate from steam traps will 
contain flash steam, and will ham¬ 
mer when contacting the suboooled 
condensate. One clever technique 
that was successful in alleviating the 
hammering [72] in at least one case 
is inserting a cone-shape insert with 
orifice holes into the condensate pip¬ 
ing, This insert acts as a dampening 
brake on the accelerating water. The 
more restrictive the insert, the better 
the dampening but also the higher its 
pressure drop and the greater risk of 
its plugging. 

Condensate accumulation 

With the condensate outlet scheme, 
condensate accumulation in horizon¬ 
tal shells at turned-down conditions 
can flood most of the exchanger baf¬ 
fle windows and restrict vapor pas¬ 
sage through the window. This may 
result in liquid hammering [27], 

It has been suggested (76) that a 
level indication of the condensate 
in the reboiler shell is useful for the 
operator. The arrangements shown 
in Figures 1-3 can be designed to 
provide this. 
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A flexible system 
With a condensate pot, a flexible 
system can be devised. One can 
hook the steam control either to 
the valve in the steam line or to the 
level valve in the condensate line. 
The condensate drum needs to be 
designed so that it is about as tall 
as the reboiler and ends a few feet 
below the reboiler. 

Gondenisate pots 

Figures 2 and 3 depict different con¬ 
densate pot arrangements. Some of 
the main considerations in their de¬ 
sign and operation are the foliowing: 
Consideration No. 1. Condensate 
drums may be vertical or horizontal. 
Consideration No. 2. A pressure¬ 
equalizing line must be provided. This 
is a small line (often 1 -in. dia.} con¬ 
necting the top of the reboiler with the 
top of the condensate pot. Without 
this line, it will be impossible to main¬ 
tain a steady pressure and level in the 
condensate pot. Setting the equal¬ 
izing line must consider the pressure 
balance. One horizontal thermosi¬ 
phon reboiler (Figure 7a} experienced 
deficient steam flow, leading to poor 
stripping in the tower [2SJ. The mea¬ 
sured steam-side pressure drop w«s 
3 ft of water, making the condensate 
level in the reboiler at least 3 ft higher 
than in the condensate pot. This was 
enough to flood some of the reboiler 
tubes. The flooded height increases 


with the pressure drop, which in 
turn increases with the square of the 
steam flowrate. With horizontal ther¬ 
mosiphons, even a short submerged 
height can lose considerable con¬ 
densation area. It was recommended 
[12,28] to connect the equalizing line 
to the valve immediately below the 
lower pass partition baffle (Figure 7b). 
Engineers wishing to use the valve 
in the steam line (Figure 7a) should 
closely watch the pressure balance 
and pot level and elevation [3]. 
Consideration No. 3. In the Figure 
2 and Figure 3c arrangements, the 
condensate in the condensate pot 
is subcooled. The subcooled con¬ 
densate has a vapor pressure that 
may be an order of magnitude lower 
than the steam pressure. If this sub- 
cooled condensate reaches the 
liquid surface in the pot, the drum 
pressure will dive, causing a rush of 
vapor from the equalizing line, which 
the equalizing line may not be able 
to supply. Steam from the equaliz¬ 
ing line may collapse onto the sub¬ 
cooled surface, causing instability, 
inability to control the condensate 
pot level and hammering. One such 
case study was described [29] and 
the author is familiar with others. 

To prevent this, it is important to 
feed the subcooled liquid near the 
bottom of the drum or into the drum 
outlet line and to prevent it from ris¬ 
ing to the surface, Figure 8 shows 


the design and shielding baffle [29] 
used to solve the hammering and in¬ 
stability issue described above. 
Cons/cferaf/on No. 4. Arrangements 
2a, 2b, and 3c require a sufficient 
surge volume in the condensate pot 
in order to prevent reboiler level vari¬ 
ations from flooding or draining the 
pot. In arrangement 3a (with or with¬ 
out a pump) and 3b, a lower volume 
is adequate. Here, the main consid¬ 
eration is providing sufficient seai 
height to avoid vapor breakthrough. 
In this arrangement, liquid level is 
kept below the reboiler bottom. 
Consideration No. 5. Bertram [30] 
has discussed sizing condensate 
pots. The paper presents a sizing 
chart and a few examples, but no 
firm guidelines. Based on the au¬ 
thor’s interpretation [f] of the infor¬ 
mation presented by Bertram, the 
following guidelines can be inferred: 
For al! arrangements depicted in 
Figures 2 and 3): 

• The maximum recommended liq¬ 
uid velocity through a vertical 
drum is generally a function of 
the condensate valve size, as 
shown in the box below: 


Condensate coniro] 
valve size, in. 

Maximum liquid 
velocity, gaiymin per 

1 

25 

11^3 

37 

>4 1 50 
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• Allow at least 6 in. above the up¬ 
per-level nozzle and below the 
lower-level nozzle to mechani¬ 
cally accommodate the nozzles 

• Allow a vapor space of 12 to 24 in. 

between the highest liquid level 
expected and the upper level 
nozzle. This space serves as a 
safety margin and could help 
in accommodating a high-level 
alarm 

For a large condensate pots (Figures 
2 and 3c only): 

• Allow at least 12 in., or 20% ot the 

total range of the level instrument 
(whichever is greater) between 
the bottom of the tubesheet and 
the lower nozzle 

• Increasedrumsizetoprovidethere- 

quired surge volume in the drum 
as per consideration 4 above 
For small condensafe pots (Figures 
3a and 3b only) 

• A height of 32 in. is usually a sat¬ 

isfactory range for level control, 

• A drum about 4 ft high, with the 

midpoint about the same height 
as the bottom reboiler tubesheet, 
is often satisfactory ()8] 

For a level condensate pot (Figure 3c 
only; author's guideline): 

Set the highest liquid level to match 
the expected liquid level in the re¬ 
boiler under the most severe turn¬ 
down conditions required, Keep in 
mind that these may occur under 
startup conditions, when the reboiler 
is clean and the heat-transfer coef¬ 
ficient is high. 

Consideration No. 6. In steam re- 
boilers, a small atmospheric vent 
should be provided on top of the 
condensate drum and always left 
cracked open [J6] (except when 
steam-chest pressure dips below 
atmospheric pressure). This will pre¬ 
vent noncondensable gas buildup, 
which may reduce reboiler efficiency; 
if COg is one of the noncondensable 
gases, it can also cause corrosion. 
Similarly, when a heating medium 
other than steam is used, adequate 
condensate drum venting is required. 

Strengths and weaknesses of 
each scheme 

Table 1 provides a summary of the 
strengths and weaknesses of the 
two schemes. In the table, blue print 


represents major strengths, while 
red points out major weaknesses. 
Scheme 1 a has major advantages of 
fast dynamic response and handling 
fouling and thermally degradable sys¬ 
tems, The advantage in thermally de¬ 
gradable and fouling systems can be 
enhanced with judicious condensate- 
pot and pumped-condensate design, 
Its drawbacks are the steam trap and 
the ability of getting rid of the conden¬ 
sate at turned-down operation, but 
both can be overcome with a good 
condensate-pot design. 

Scheme 1b offers the energy-effi¬ 
ciency advantage, which is a control¬ 
ling consideration when the reboiler is 
heated with refrigerant vapor, or with 
the overhead of another tower, or 
when using Scheme 1 a will require in¬ 
creasing the steam pressure. Scheme 
1 b can be problematic with corrosion 
and tube leaks in horizontal reboilers, 
especially with high subcools. 

The direction of a possible tube leak 
and its impact needs to be considered, 
With the la scheme, the direction is 
not always predictable, which may be 
a major issue. With the i b scheme, a 
small tube hole in the submerged por- 
tbn of the tubes can leak gallons of liq¬ 
uid instead of a tiny amount of vapor. 
Last, but not least, compatibility with 
the condensate header needs be con¬ 
sidered to minimize hammering. 

If after reading this, you are still not 
sure which scheme to prefer, this 
article has good news for you. With 
a condensate pot, a flexible system 
can be devised. One can hook the 
steam control either to the valve in 
the steam line or to the level valve in 
the condensate line. The condensate 
drum needs to be designed so that 
it is about as tall as the reboiler and 
ends a few feet below the reboiler. 
With a well-designed flexible sys¬ 
tem, you can try them both out, and 
choose the one that works better for 
your reboiler, ■ 

Edited by Scott Jenkins 
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